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INFORMATION AND INSTRUCTIONS 

1, Regarding the objection to the claim pendency, 
please amend the claims in accordance with your practice. 

2. Regarding the prior art rejection, please amend the 
main claim (claim 31) as follows to overcome the cited 
reference, 

"31 • A therapeutic method for treatment of acute 
lung injury resulting from indirect causes which occur 
svstemicallv and thereby iniure the lung indirectly , which 
method comprises administering anti-IL-8 antibody to a 
subject in need of said therapy." 

In the amended claim 31, the "indirect causes" are 
further defined as — indirect causes which occur systemically 
and thereby, injure the lung indirectly — , as supported by the 
description on page 31, lines 33 to 34 of the specification, 
as well as page 32, line 24, Example 1 (pages 36 to 37)- If 
necessary, please amend the other claims to make them conform 
to the amended claim 31. 

The cited reference, Folkessor H.G-, et al., refers 
to direct injury of the lung caused by acid aspiration. On 
the other hand, the present invention is directed to 
treatment of indirect injury of the lung. 

It is well recognized and accepted in the art that 
the indirect injury of the lung and the direct injury thereof 
are completely different. For example, according to the 
Conference Report of The American-European Consensus 
Conference on ARDS (Bernard G.R. , et al., Am. J. Respir. 
Cr it . Care wed. 143, p. 315 - 324 (1334) ) pay a 3, 

lines 15 to 20 of the English specification), ARDS and ALI 
are categorized on the basis of their causes to "direct 
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injury" and "indirect injury" (see, page 821, the left column 
the bottom portion to the right column the top portion). 

Please note that an effect or action of a drug to the 
direct injury and an effect or action of the same drug to the 



Nishina K. et al.. Anesthesiology, Vol. 88, p. 13XH) - 130>< 
1998, ABSTRACT (enclosed), describe that administration of 
Lidocaine to a direct injury caused by acid aspiration is 
effective. On the other hand,^~ Nishiria. et al., 
Anesthesiology, Vol. 83, p. (L69 - 177/{l995) (enclosed) 
describe that administration of ^iri'docaine to indirect injury 
caused by endotoxin infusion is not significantly effective. 



direct injury, this fact does not suggest that the anti-IL-8 
antibody is effective to indirect injury. Therefore, the 
present invention of the amended claims should be patentable 
over the citation. 



indirect injury are completely different. 




Accordingly, even though the cited Folkessor et al. 
reference shows that anti-IL-8 antibody is effective to 
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Intravenous Lidocaine Attenuates Acute Lung Injury 
Induced by Hydrochloric Add Aspiration in Rabbits 

Kahoru Nishina, M.O.,* Katsuya Mikawa, M,D, r f Yumiko Takao, M,D.,$ Makoto Shiga, M.D. f t 
Nobuhiro Maekawa, M.D„§ Hidefumi Obara, M.D.\\ 



Background: Neutrophils jpiay a crucial role in the pathogen- 
esis of acid-induced acute lung injury. Lidocaine inhibits the 
function of neutrophils. This study aimed to determine 
whether lidocaine attenuates acute lung injury induced by hy- 
drochloric acid (HCI) Instillation* 

Methods: In study 1, rabbits were divided into four groups 
(n = 7 each). Lung injury was induced by intratracheal HC1 
CO, 1 N 7 3 oil/Kg) in two groups. The other two groups received 
saline mtratx^cheatty. Lidocaine given intravenous ly (2 jng/ 
kg bolus + 2 mg - kg" 1 - h~ l infusion) was started 10 min before 
intratracheal instillation in one HCI and One saline group, and 
saline was given intravenously in the other two groups. In 
study 2, rabbits (four groups of seven animal* each) received 
HCI (0.1 N, 3 ml/kg) intratracheaUy. Treatment with intrave- 
nous lidocaine tyhs started 10 min before, 10 xxxixx after, or 30 
min after acid Instillation, or saline was given intravenously 
10 min before instillation, 

Results: In study l, HCl caused deterioration of the partial 
pressure of oxygen (PaojX lung leukosemiestration, decreased 
lung compliance, and increased the lung wet- to-dry weight 
ratio and albumin, interleukin-6 (XL-6), and XJL-8 levels in bron- 
choaryeolar lavage fluid. lidocaine pretreatment attenuated 
these changes. Hydrochloric acid increased superoxide anion 
production by neutrophils and caused morphologic lung dam- 
age, both of which were lessened by lidocaine. In study 2, 
lidocaine given 10 min after acid Instillation was as effective 
as pretreatment in Pa^, lung mechanics, and histologic exami- 
nation. However, Pa 0; changes in lidocaine 30 min after injury 
were similar to those in saline given intravenously. 

Conclusions; Intravenous lidocaine started before and im- 
mediately after add instillation attenuated the acute lung in- 
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Jury, in part by inhibiting the sequestration and activation 
of neutrophils, (Key words: acid aspiration; acute respiratory 
distress syndrome; edema; immune response; local anesthe- 
tics; neutrophils; superoxide anion.) 

ACID aspiration may produce severe, acute lung injury, 
the characteristics of which resemble those of acute 
respiratory distress syndrome. 1 The precise mechanism 
through which acid aspiration induces respiratory fail- 
ure is not yet fully understood. However, cellular com- 
ponents (e.g., neutrophils, macrophages) and humoral 
mediators (e.g. t cytokines) are thought to play a pivotal 
role in the pathogenesis of this acute lung injury. 2 " 5 
Neutrophils accumulated in the lung in response to 
chernotaxins adhere to pulmonary endothelial cells 
through the interaction of adhesion molecules, the ex- 
pression of which is enhanced by cytokines. 6 * 7 Neutro- 
phils thereafter attack the endothelium by releasing pro- 
tease, reactive oxygen species, and lipid metabolites. 5 3 * 9 
Lidocaine has various inhibitory effects on neutrophil 
function, including chemotaxis 10 and superoxide anion 
C0 2 ") release. 10 * 1 1 The drug has been shown to attenuate 
acute lung injury induced by endotoxin 12 or hypcr- 
oxia, 1 * probably by inhibiting the function of neutro- 
phils, lidocaine is also likely to inhibit cosinophil-activc 
cytokines 14 and the expression of cellular adhesion mol- 
ecules oa neutrophils. 15 Thus lidocaine may be able to 
prevent or attenuate acute lung injury induced by acid 
aspiration. 

To test this hypothesis, we assessed the effect of intra- 
venous treatment with lidocaine on hydrochloric acid 
(HCi>induced lung injury. 

Materials and Methods 

Animal Preparation and Protocol 

guidelines of the animal care review board of Kobe 
University School of Medicine. 
Japanese White rabbits (n = 56; weight, 2.2-2.6 kg) 
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Data on the hemodynamics and lung mechanics and 
blood sampling for arterial gas analysis and leukocyte 
counts were obtained every hour after HCl or saline 
intratracheal instillation. In all groups, arterial blood 
was drawn for the cytokine assay at 0, 2, 4, and 6 h, 
and the plasma was separated and stored at -70°C until 
assay. Plasma concentrations of interleukin-6 (TL-6) and 
JUS were measured by enzyme immunoassay (Amer- 
.sham, Buckinghamshire, UK). 

In groups receiving lidocaine, arterial blood samples 
were obtained 1, 2 7 4, and 6 h after intratracheal instilla- 
tion of HCl or saline. Plasma Udocaine concentrations 
were determined by fluorescence polarization immuno- 
assay (TDX system, Abbott, North Chicago, IL). 



were anesthetized with 15. rag/kg kecamine injected 
intravenously through a catheter inserted into an ear 
vein and were intubated with a 35-rnm endotracheal 
tube through a tracheotomy. An arterial catheter was 
piaced through a cutdown in the right femoral artery 
to monitor blood pressure and take samples for blood 
gas analysis and assay. The animals were paralyzed with 
pancuronium bromide, and anesthesia was maintained 
with a continuous infusion of ketamine (10 mg 
-kg" 1 -h" L ). The lungs of the animals were mechani- 
cally ventilated using an infant ventilator (model 
TVIOOB; Scchdst, Anaheim, OA) with an inspired oxy- 
gen concentration of 100%. The iioitial tidal volume was 
set to 10 ml/kg (measured by pneumotachograph) and 
positive end-expiratory pressure was 5 cm H 2 0. The 
respiratory rate was controlled to produce an initial 
arterial carbon dioxide tension (Paco^) of 32 - 3S mmHg. 
Central venous pressure was also monitored using a 
catheter inserted into the femoral vein. The animals 
were placed on a heating pad under a radiant heat lamp 
so that the body temperature could be kept at 37,8- 
40,2 Q C at the esophagus. Lactated Ringer's solution was 
administered intravenously at a rate of 8 ml* kg -1 * h~ T . 

After 15 min of stabilization, baseline values of lung 
mechanics and hemodynamics were measured, and the 
arterial blood sample was taken to determine arterial 
oxygen tension (Pao 3 ), peripheral leukocyte counts, and 
plasma cytokine concentrations. 

Study 1. Twenty-eight rabbits were randomly as- 
signed to one of four groups (n = 7 each). The rabbits in 
the salirie-iidocaine and HO-Udocaine groups received 
bolus intravenous injections of 2 mg/kg Udocaine fol- 
lowed by continuous intravenous infusion of Udocaine 
at a rate of 2 mg- kg" 1 - h" 1 . Animals in the saline-saline 
and HCl-saline groups received the same volume of sa- 
line (injection and infusion). Ten minutes after pretreat- 
racnt with.lidocaine or saline, the rabbits in the HCU 
saline and HCi-ttdocaine groups received 3 ml/kg 0,1 N 
HCl intratracheally. The animals in the saline-saline and 
saline-lidocaine groups received intratracheal saline (3 
ml/kg). 

Study 2- Rabbits (4 groups, n = 7 each) received HCl 
(01 N, 3 ml/kg) intratracheally. Saline was administered 
10 min before injury in the saline group. Administration 
of Udocaine was started 10 min before, 10 min after, 
or 30 min after acid aspiration in the lidocaine-pre, lldo- 
caine-10 min, and lidocaine-30 min groups, respec- 
tively. The rationale for the dose of intravenous Udo- 
caine treatment was based on results of past experi- 
ments. 12 - 13 ' 1 ^ 7 



Assessment of Acute lung Injury 

Analysis of Blood Samples andjoing Mechanics, 
Arterial blood gases (Pao, , Paco, , andpH) were analyzed 
using a blood gas analyzer (ABL2 Radiometer, Copenha- 
gen, Denmark), and the number of peripheral leuko- 
cytes was measured using a Coulter counter (Sysmcx 
KrlOOO; Toa Iyou Denshi, Kobe, Japan). Lung mechan- 
ics were measured by the passive expiratory flow-vol- 
ume technique. 16 Air flow was measured with a Flemish 
00 pneumotachograph and a differential pressure trans- 
ducer (model MP045; Validyne Engineering, North- 
bridge, CA). Airway pressure was measured at the proxi- 
mal end of the pneiimotachometer with a semiconduc- 
tor pressure transducer (model P-300 50 1G; Copal 
Electronics, Tokyo, Japan). The volume was determined 
for each breath by digital integration of airflow using a 
respiration monitor (Aivision, Tokyo, Japan)- The com- 
pliance and resistance of the total respiratory system 
were calculated using a personal computer (PC9801 
VM11; NEC, Tokyo, Japan). 

At the end of the experiment (6 h after intratracheal 
HCl or saline infusion), the thorax was opened and 
blood (15 ml) was drawn into a heparinized syringe (20 
U/ml) from the pulmonary artery for the chemilumines- 
cence assay. Blood sampling was completed before the 
overdose injection of thiamyial by which the rabbits 
were killed. The heart and lungs were removed en bloc 
by observers blinded to the nature of the experiments. 

Analysis of Bronchoalveolar Lavage Fluid. 
Through the right mainstem bronchus of the removed 
lung, 35 ml saline with EDTA-2Na at 4°C was slowly 
infused and withdrawn, Tuio y*v*-*-dUAC repeated 
three times. Indomethacin was added to the bronchoal- 
vcolar lavage fluid (BALF) to inhibit the further metabo- 
Usm of arachidonic acid to prostaglandins during analy- 
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sis. The BALF was analyzed for cell counts and differenti- 
ation; A cytocentrifuged preparation (Cytospin 2; 
Shandon Southern Products, Pittsburgh, PA) of the BAXJF 
was stained with Wright-Giemsa for cell differentiation. 
The cells present in the fluid were counted using the 
Sysmex K-1000 counter according to the Burker-Turk 
method. The fluid was centrifuged at 250g at 4 g C for 
10 ruin to remove the cells. The cell-free supernatant 
was divided into several aliquots and stored at — 70°C 
until the assay. The following substances, metabolites, 
and mediators in the BALF were measured: Albumin 
concentrations were determined by nephelometry with 
immunoglobulin G fraction of goat anti-rabbit albumin 
(Cappel, Durham, NQ; concentrations of IL-<5 and ILrS 
were measured by enzyme immunoassay (Amersham); 
and concentration of thromboxane A 2 and prostacyclin 
were quantified by radioimmunoassay (Amersham) as 
thromboxane and 6-keto prostaglandin Fl« ; the sta- 
ble metabolites, respectively, 

Wet-to-Dry Weight Ratio of the Lung. The left up- 
per lobe of each rabbit was weighed and then dried to 
a constant weight at 60°C for 24 h in an oven. The ratio 
of wet weight to dry weight was calculated to assess 
tissue edema. 

Chetniluminescence Assay 

Reagents. Cypridina iuciferin analog (2-racthyl-6-phe- 
nyi-3,7-dihydrounidazo [l,2-a]-pynau>3-one), dimethyl 
sulfoxide, Hank's balanced salt solution (HBSS), Histo- 
paque-1119, Histopaquc-1077, N-formyl-L-methionyl-L- 
luccyM-phenylalaninc (FMLP), and zymosan A were ob- 
tained from Sigma Chemical Company (St. Louis, MO). 
The cypridina Iuciferin analog was dissolved to 56 /zg/ 
ml in distilled water. Five milligrams FMLP was dis- 
solved in 1.14 ml dimethyl sulfoxide. Just before use, 
the stored solution was diluted with 50% DMSO - 50% 
HBSS to 100 mm. Zymosan A was opsonized according to 
the method of Nishida et al. 19 with some modification. 
Briefly, zymosan A was suspended in HBSS at a concen- 
tration of 2 mg/ml and heated in a boiling water bath 
for 100 min, washed twice with HBSS, and opsonized 
with pooled serum in a shaking water bath for 30 rain 
at 37°C. The opsonized zymosan was washed twice, 
resuspended in HBSS to a concentration of 20 mg/ml, 
and stored ac -70°C until use. 

Isolation of Neutrophils. Histopaque-1119. Histo- 

fuged at 70Qg for 30 min at room temperature. The 
layer containing granulocytes (ac the interphase be- 
tween Histopaquc-1077 and Histopaque-1119) was 



transferred to another tube. The cells were washed in 
HBSS and centrifuged twice at 2QQg for 10 min. The 
resultant leukocytes were suspended to 1 X lO 7 cells/ 
ml in HBSS and kept at 0°C for no more than 3 h before 
use. The cell analysis showed that >97% of the cells 
were neutrophils, and the trypan blue dye exclusion 
test conj&rmed that >95% of the cells were viable. 

Measurement of Chernilumdnescence. Measure- 
ment of chemjOiuminescence was based on the method 
established by Sugioka et al. 20 The incubation mixture 
contained 4x 1Q 5 leukocytes, 20 ^1 FMLP, or SO fi\ 
opsonized zymosan, 25 fii cypridina Iuciferin analog, 
and HBSS in a total volume of 2 ml. Ceils and HBSS 
were prcincubated for 3 min, and the reaction was 
initiated by the simultaneous addition of the other two 
components. Cypridina iuciferin analog-dependent lu- 
minescence, which is thought to represent primarily 
superoxide anion production, was monitored using a 
luminescence reader (Lumicounter-1000; Nichion, 
Chiba, Japan). During luminescence measurement, the 
incubation mixture was agitated at 37 °C in the lumines- 
cence reader. Ketamine used a$ an anesthetic in the 
current study is thought to have no effect on superoxide 
anion production by neutrophils at doses used in clini- 
cal settings. 21 

Histopathologic Examination 

Immediately after the rabbits were killed, the left 
lower lobe was fixed by instillation of 10% formalde- 
hyde solution through the left lower bronchus at 20 cm 
H 2 0. The specimens were embedded in paraffin wax, 
stained with hematoxylin and eosin, and examined un- 
der a light microscope. Acute lung injury was scored 
by a blinded observer according to the following four 
items: (1) alveolar congestion, (2) hemorrhage, (3) infll- 
1 tration or aggregation of neutrophils in airspace or the 
vessel wail, and (4) thickness of the alveolar wall/hya- 
line membrane formation. Each item was graded ac- 
cording to a five-point scale: 0 = minimal (little) dam- 
age, 1+ = mild damage, 2+ = moderate damage, 3 + 
- severe damage, and 4+ - maximal damage. 12 

Statistics 

The lung injury score data are given as median (range), 
whereas the other data are expressed as mean ± SD. 

of variance with the Tukey-Kramer test for between- 
group comparisons at each treatment Interval and 
paired r tests for comparisons within groups. The lung 
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Fig. 1. Changes kx partial oxygen tension 0?aoj) and (£) 
peripheral leukocyte count (study 1). Data are expressed as 
the mean ± SD of seven rabbits per group- fP < 0.05 versus 
basal values within groups; */* < 0.05 versus the saline^ aline 
group; *P < 0.05 for the HCl-Iidocaine group versus the HCt- 
5 aline group. 



injury score was analysed using the Kruskail-Wallis rank 
test. Probability values <0,05 were deemed significant. 

Results 

No rabbits died during the 6-h study period. In groups 
receiving lidocaine, plasma lidocaine concentrations 
were maintained between 1.2-2.5 /ig/ml. 

Changes in Oxygen lension, Hemodynamic Und 
Peripheral Leukocyte Counts 

As shown in figures 1 and 2, intratracheal instillation, 
of HC1 decreased Pao 3 dramatically within .1 h. Thereaf- 



ter, Pao, in the HCl-salinc group remained at a low level 
with gradual reduction until 6 h after HC1 insullation. 
Lidocaine treatment Sailed to prevent the initial de- 
crease inPao 2 . Lidocaine before and 10 coin after instilla- 
tion of HQ promoted partial recovery from deteriorated 
oxygenation, although the drugs given 30 min after in- 
sult were not effective. In contrast, Pa^ decreased tran- 
siently in rabbits receiving saline instillation, but it 
readily returned toward the basal value (fig. 1). 

Although arterial pressure and heart rate increased 
in response to HCl or saline instillation, there was no 
difference among the groups at any point (data not 
shown). The central venous pressure did not differ 
among the groups. 

Peripheral leukocyte counts gradually decreased with 
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Fig. 2. Changes in 04 ) the partial oxgyen tension PaoJ and the 
03) peripheral leukocyte count (study 2)* Data are expressed 
as the mean ± SD of seven rabbits per group. $P < 0.05 versus 
the saline group} $P < 0.05 versus the Udocafoie-pre group. 
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instillation of saline or HC1 and reached the lowest level 
3 h after administration (fig. IB). The leukopenia was 
more severe in rabbits receiving HQ than in those that 
received saline. Lidocaine treatment before and 10 rain 
after HQ aspiration slightly, but significantly, attenuated 
the peripheral leukopenia (fig. 2B). 

Changes in Plasma Cytokine Levels 

Plasma concentrations of IL-6 increased after intratra- 
cheal HQ instillation, with a peak occurring at 2 h, 
although plasma H-8 concentrations remained un- 
changed in ail of the groups. The plasma concentration 
of XLr6 was signiftcamly decreased by intravenous lido- 
caine treatment before and 10 nun after HQ administra- 
tion. As with Pa^ changes, lidocaine given 30 min after 
HQ" instillation was not effective against IL-<$ elevation 
(figs. 3 and 4), 
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and (J3) intcrlcukln-8 (study 1). Data arc expressed as meaju 
x SD. fJP < 0.05 versus basal values within groups; *P < 0.05 
versus the saJine-aallnc group; #P < 0,05 rbr the HCl- lidocaine 
group versus the HCi-saJlne group, 
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Fig. 4. Changes in plasma concentrations of (4 ) interieukJn-6 
and C&) interleukJLa-8 (study 2). Data are expressed as mean 
± SD, JP < 0-05 versus the saline group; ^ < 0,05 versus the 
JUdocainc-prc group. 



£«n,g Mechanics 

Neither compliance nor resistance immediately after die 
start of mechanical ventilation was different among the 
four groups. Compliance immediately before the end of 
the study was lower in die HCl-treated rabbits than in 
the saline-instilled groups. Intratracheal instillation of HC1 
increased the resistance. Lidocaine prevented the reduc- 
tion of compliance and the increase in resistance induced 
by HQ, although lidocaine given 30 min after insult was 
not significantly effective (figs. 5 and 6). 

Analysis of Bronchoalveolur Lung Fluid and Lung 
Edema 

Recovered volume of 8ALF in the groups was 84 - 90 
ml (80-86% of infused saline) and was not different 
among die groups. The total number of leukocytes re- 
covered ir* 3*\JLF v.'cis ^r^nter In "the 3*7?" t^^.Mnv 
HC1 than in the intratracheal saline groups (table 1). As 
shown in table 2, the leukocyte counts were less in the 
iidocaine-prc and lidocaine- 10 min groups than in the 
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Fig. 5. Changes In lung mechanics: C<4) 
compliance and (B ) resistance (study 1), 
Data are expressed as mean ± ST>. fP < 
0.05 versus basal values within groups; 
*P < 0.05 versus the saline-Saline group; 
#P < 0.05 for the HCl^Hdocatne group 
versus the HCl-saliae group. 
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saline group. Differential counts revealed that leuko- 
cytes of the HALF in the groups receiving saline intratra- 
cheally were primarily macrophages. In the HQ-in- 
stilled groups, the number of polymorphonuclear cells 
was increased in the BALR The polymorphonuclear 
cells-tCKtotal leukocyte ratio was less in the rabbits 



treated with lidocaine, with the exception of the lido- 
caine-30 min group. Bronchoalvcolax fluid concentra- 
tions of IX^ and IL-8 increased in the rabbits receiving 
HC1. Lidocaine treatment started early was effective in 
decreasing cytokine production. The thromboxane B 2 
concentrations in BALF were elevated in the HCl-saline 



Fig. 6. Changes in lung mechanics: (4 ) 
compliance and (B) resistance (study 2). 
Data are expressed as joneaa ± SD- $P < 
0.05 versus the saline group; %P < 0.05 
versus the lldocaine-pre group. 
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Tabic 1. Analysis of Bronchoarveolar Lavage Fluid, Vet to Dry Weight Ratio, and Histological Exaoaioatloo, (Study 1) 
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PMNAotal cells (%) 
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232 x 95* 


186 ± 87* 


6-keto-PGF 1flt (pg/ml) 


215 ± 102 


232 = 88 


235 x 94 


221 ± 112 


Albumin (mg/dl) 


1.8 ~ 0.7 


1.2 ± 0.3 


6.4 - 0.7" 


5.1 x 0.7--t 


W/D ratio 


4.6 = 2.2 


4.8 ± 2.3 


6.5 r 2.7" 


5.5 ± 2.6'-t 


Acute lung injury score ■ 


0 


0 


14" 


10*1- 


(median (range)] 


(0-2) 


(0-2) 


(13-16) 


(7-14) 


IL * interlsukin; TxBj = thromboxane 


PGFn, - prostaglandin F<« 


; WBC = white blood cells; PMN - 


polymorphonuclear neutrophils. 





Values are mean ± SD. 



* P < 0.05 Vftrsus Saline -Saline. 

t P < 0,05, HCJ-Udocaine versus HCI-Saline. 



group. Lidocaine txeatmenc failed to attenuate the pro- 
duction of thromboxane B 2 . We found no differences 
in 6-keto- prostaglandin Fla levels in the BALF among 
the groups. The lung wct-to-dry weight ratio was calcu- 
lated as a measurement of lung edema. The ratio in- 
creased in the rabbits receiving HQ. Albumin concen- 
trations in the supernatant of BALF were higher in the 
HCl-instilled rabbits than in saline-instilled rabbits. Lido- 
caine pretrcatmem attenuated the increase in the wet- 
co-dry weight ratio and albumin concentrations, Early 
post-treatment with lidocaine was as effective as pre- 
treatment, but lidocaine given 30 min later was not. 

Cbemiluminescence 

The cypridina lucifcrin analog-dependent chemilumi- 
nescence by neutrophils isolated from the pulmonary 



artery was significantly higher in the HQ-saline group 
than in the saline-saline group when stimulated by opso- 
nized zymosan or FMLP (fig. 7), ChemUurninescence 
was attenuated in all of the lidocaine-treated groups. 



Histopathologic Analysis 

Light microscopic findings in the HCl-saline group 
included edema, ruptured and thickened alveolar walls, 
and the presence of irmarruriatory cells and erythrocytes 
in alveolar spaces. Alveoli also contained diffuse pro- 
tcinaccous exudate. In contrast, these changes were 
less pronounced in the HCl-lidocaine group. The score 
in the HCl-saline group was greater than that in the HCl- 
Udocainc group (table 1) and in the lidocaine-10 min 
group (table 2). 



Tabic 2. Analysis of Bronchoahrcolar Lavage Fluid, Wet co Dry Weight Ratio, and Histological Examination (Study 2) 



Variable 


HCl-Saline 


HCI- Lidocaine 


HCl -Lidocaine 10 min 


HCl-Udocaine 30 min 


WBC (cells/mm 3 ) 


413 x 116 . 


260 x 70* 


298 ± 92 


334 £ 97 


PMN/total cells (%) 


55 ± 10 


42 ± 9* 


40 ± 10* 


48 r 9 


IL-6 (fmot/ml) 


' 73 x 27 


35 t 10" 


44 x 18* 


62 £ 22f 


IL-8 (fmol/ml) 


40 ± 8 


15 ±4- - 


21 ± 5* 


37 = 4t 


TxB z (pg/ml) 


243 x 93 


199 ± se 


186 x 80 


194 ± 85 


6-keto-PGF, w (pg/ml) 


219 ± 97 


206 x 109 


218 x 81 


239 x 107 


Albumin (mg/dl) 


6.S T 0.8 


4.9 ± 0.7" 


5.0 ± 0.7* 


6.2 r 0.9t 


W/D ratio 


6.7 x 2.5 


5.4 x 2.5* 


5.6 ± 2.4* 


6.3 £ 2.9f 


Acute lung injury soore 


14 


10* 


11* 


Ht 


[median (range)] 




(7-1 Z) 


A\ 

\— • -t 


(11-16) 



IL - intsrleukln; TxB, * thromboxane B 2 ; PGF,. - prostaglandin F v ; WBC = white blood Colls; PMN polymorphonuclear neutrophils, 
* P < 0.05 versus HO -Saline. . 
t P < 0.06 versus HCI -Lidocaine. 
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Fig- "7- Cypridina hictferia analog^epcnr 
dejit cheiroi^jincscence (peak) by neutro- 
phils feoteitti from the putaonary artery 
(study 1). Data are expressed as oic^l± 
SD. 04) OpsoauW zynK^^Plated 

onyi-l^hw^H^pkonyial^^ 
cjieDoihimlnescexxct *p < 0.05 versus the 
saline-saline group; #JP < 0.05 for HCl- 
Udocaiac group iwrittJ the iJO-saline 
group. 




Groups 



Groups 



Piscussion 

The current study showed that lidocaine pretreatment 
promoted the recovery of Pao, after HCl instillation, 
although the drug did not prevent the initial decrease 
in Pao . This alleviating effect on lung injury by lido- 
cainc was accompanied by improved lung mechanics 
and the decrease of cytokines in BALF, the albumin 
concentration in BALF, and sequestration of neutrophils 
into the lung. The efficacy of post-treatment with lido- 
caine depended on the timing of adniinistration: 1 0 nun 
after the insult was effective, but 30 min after was not. 

Hydrochloric add instillation caused lung injury by two 
different pathways according to the time course: the initial 
phase and the late phase.* The initial phase may result 
from a physiochemical process or be mediated by capsa- 



idn-sensitive afferent nerves 2 Tactrykinins (substance P, 
neurokinin A, and neuropeptide K) released from sensory 
nerves in the lung after irritation with capsaicin are active 
in inducing airway mucosal edema. 22 Although lidocaine 
inhibits capsaicin-sensMve nerve activity 35 and tachykinin- 
mediated newotransmission," the drug failed to attenuate 
the initial phase of lung injury characterized by the dra- 
matic decrease in Pao,- 

The late phase of the injury, which pathologically 
mimics acute respiratory distress syndrome, is mediated 
by neutrophils and is consistent with an acute inflam- 
matory response. 2 In this pathway, chemotuxins, includ- 
ing TLB and thromboxane A„ promote the sequestra- 
tion Of neutrophils in the lung.™' To induce neutrophil 
migration into acid-exposed areas, it is essential for neu- 
trophils to adhere to the microvascular endothelium. 



Fig. 8. CypHdlna lucUferin analog-depen- 
dent chemiLumlneScence (peak) by neutro- 
phils isolated from the pulmonary artery 
(study Z). Data are expressed as mean ± 
SD. 04) Opsonized zymosaflrsttaiulated 
chctnlluiiUnescence, CO) N-fortnyi-I^aTcthi- 
owl-i^luecyl-I^phcrtylalajninc-Btlmulated 

chemihiminesccnce. $P < 0.05 versus the 
saline group. 
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The intercellular adhesion molecule- 1 and Jtyraphocyte- 
function associated antigen- 1 pathway i$ involved in the 
pathogenesis of acid aspiration lung injury. 6 We have 
shown that lidocaine attenuated the late phase of the 
pathologic, physiologic, and biochemical lung injury 
induced by HCI. Lidocaine inhibits cheraotaxis, 10 adher- 
ence of neutrophils to endothelial monolayers, 16 and 
FMIP-induced Mac-1 upregulation on neutrophils, 15 
These beneficial effects of the drug may have contrib- 
uted to our current findings. 

We have shown that intratracheal HC1 caused severe 
pulmonary edema because of the hyperpermcability of 
endothelium assessed by increases in the lung wet-to- 
dry weight ratio and albumin concentrations in BALF. 
Lidocaine successfully reduced superoxide anion pro- 
duction by neutrophils isolated from rabbits receiving 
HCi. We believe that lidocaine lessened endothelial 
damage, in part, by reducing, superoxide anion release 
from neutrophils, and consequently attenuated pulmo- 
nary edema. This ability of lidocaine observed in 
our previous studies using other experimental acute 
respiratory distress syndrome models. 12,13 Further, su- 
peroxide anion indirectly contributes to edematous 
lung injury by inactivating antiproteases. 26 Although su- 
peroxide anion production at 6 h was suppressed in 
the HCl-lidocaine-30 min group, hyperpermeability was 
not attenuated. The early activation of neutrophils may 
be critical for the attenuation of endothelial damage 
leading to pulmonary edema. Lidocaine has been shown 
to decrease the increases in pulmonary vascular protein 
leak induced by thiourea through a mechanism that is 
independent of the effects on neutrophil oxygen metab- 
olite-dependent toxicity, 'although the details are not 
understood. 27 This mechanism may also be responsible 
for the attenuation of acid instillation-induced pulmo- 
nary edema with lidocaine. 

Thromboxane A 2 causes severe pulmonary hyperten- 
sion as a result of pulmonary vasoconstriction, which 
enhances pulmonary edema. 28 In the current study, the 
thromboxane A 2 metabolites in BALF induced by HQ 
instillation did not decrease with lidocaine treatment. 
Although lidocaine is reported to increase production 
of prostacyclin from endothelium, 29 the metabolite of 
prostacyclin in the BALF was not changed cither by 
acid instillation nor by lidocaine treatment. 

High concentrations of IL-6 30 andlL£ 31 are correlated 
with poor outcome in patients with acute respiratory 
distress syndrome. In the current study, intratracheal 
HCI increased IL-8 concentrations and neutrophil 
counts in BALF and decreased the peripheral leukocyte 
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counts. Lidocaine successfully decreased the secretion * 
of IL-8 in the lung after HCI instillation, probably leading 
to less neutrophil sequestration in the lung, although 
the precise mechanism is unknown. Plasma IL-8 con- 
centrations did not increase after HCI instillation in our 
study. The high concentrations of IL-S in BALF coupled 
with the low concentrations of IL-8 in plasma suggest 
that the lung was the primary source of IL-8 in the acid 
aspiration-induced lung injury. This phenomenon is sim- 
ilar to the findings in a clinical study of sepsis-induced 
acute lung injury. 32 In our study, lidocaine before and 
early after treatment suppressed elevation of IL-6 in 
plasma and IL-8 in BALF. Wc propose two hypotheses 
by which lidocaine successfully attenuated the cytokine 
production. One is that lidocaine direcdy suppressed 
cytokine production from many kinds of cells, including 
macrophages, alveolar epithelium, and -endothelium. 
There has been no report coajfkming that lidocaine at- 
tenuates production of proinflammatory cytokines. The 
second hypothesis is that lidocaine attenuated the in- 
flammatory response, resulting in less production of 
cytokines. IL-6 is secreted from the most severely af- 
fected organs, as the higher concentration of IV6 was 
measured in the drainage vein of the injured organ (lung 
or liver) than in the peripheral venous blood. 53 Lido- 
caine might decrease cytokine production by attenuat- 
ing the inflammatory response. 

In conclusion, pre- or early post-treatment with lido- 
caine attenuated the late phase of acid instillation-in- 
duced lung injury in rabbits, probably by inhibiting the 
sequestration and activation of neutrophils. Lidocaine, 
which has been used extensively in clinical practice, is 
not costly, has a good safety record, and is easily ob- 
tained. These advantages lead us to conclude that the 
results of the current study may be a basis for a clinical 
trial. 
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Does Early Posttreatment with Lidocaine Attenuate 
Endotoxin-induced Acute Lung Injury in Rabbits? 

Kahoru Nishina, M.D,,* Katsuya Mikawa, M.D.,f Nobuhiro Maekawa, M.D..t Yumiko Takao, M.D.,§ 
Hidefumi Obara, M.D. B 



Background it is well known that endotoxin causes acute 
lung injury, resulting in adult respiratory distress syndrome. 
Lidocaine pretreatmem has recently been shown to attenuate 
en dotoxin-induced lung injury in rabbits. The aim of the Cur- 
rent study was to determine whether early postinjury treat- 
ment with intravenous lidocaine could attenuate acute lung 
injury induced by endotoxin in rabbits. 

Methods: Thirty-two male anesthetized, rabbits were ran- 
domly assigned to receive one of four treatments (n = 8 for 
each group): infusion of saline (group S-S), infusion of Saline 
with lidocaine treatment (group S-L), infusion of Escherichia 
coli endotoxin (100 Mg'kg" 1 over a 60-tnin period) without 
Udocaine treatment (group E*S), or infusion of endotoxin with 
lidocaine treatment (group E-L). Ten minutes after the end of 
Infusion of endotoxin (groups E-L and E^S) or saline (groups 
S-S and S-L), the animals received a bolus injection followed 
by continuous infusion of lidocaine (2 mg'kg -1 + 2 
mg « kg" 1 • h~* in groups S-L and E-L) or saline (groups S-S and 
The rabbits* lungs were ventilated with 40% Oj. Hcmo- 
dynamics, peripheral leukocyte and platelet counts, a»d ar- 
terial tension (Pa<>J were recorded during the ventilation 
period (6 h). After the observation, lung mechanics; the ceil 
fraction of bronchoalveolar lavage fluid (BALI?); and concen- 
trations of activated complement components C3a and C5a, 
cytokines, and arachidonic acid metabolites in BALF^ were 
measured and analyzed. The ratio of lung wet weight to dry 
weight (W/D weight ratio) and albumin concentrations in 
BAJJF were analyzed as indexes of pulmonary edema. The Cy- 
pridinn. luciferin analogue— dependent rrirmilnminescerj.ee 
(representing 0 7 ~ production) by neutrophils isolated from 
the pulmonary artery and light -microscopic findings of the 
lung were compared among the four groups. 
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Xesulcs.< Endotoxin caused decreases in peripheral leukocyte 
and platelet counts, lung compliance, and Fa^. It caused in- 
creases in lung W/D weight ratio; polymorphonuclear cell 
counts in BALF; and albumin, C3a, C5a> tumor necrosis factor- 
a, interleukin (DL)-l/5, VL-6, and thromboxane B 2 concen- 
trations in BALF. Lidocaine attenuated the changes in W/D 
weight ratio and morphologic lung damage. The change in 
compliance, decrease in Pa^, and albumin concentrations in 
BALF were slightly but significantly less in rabbits receiving 
Udocaine after injury. The C)jprw#wfc'lucifcrin analogue-de- 
pendent chemUiwninescence by neutrophils was greater in 
rabbits receiving endotoxin without lidocaine than in those 
receiving endotoxin with udocaine. 

Conclusions: These results indicate that early treatment with 
lidocaine attenuates endotoxin-induced lung edema in rabbits 
without affecting chemical mediators in BALF. However, the 
improvement is slight and likely to be of little clinical signif- 
icance, (Key words: Anesthetics, local: Udocaine- Immune re- 
sponse: neutrophils; superoxide anions. Lung(s); edema; la- 
vage; respiratory distress syndrome.) 

INTRAVENOUS infusion of Escherichia coli endotoxin 
causes acute lung injury and alterations in pulmonary 
physiologic processes similar to those that occur in 
septicemia in humans. 1 2 There have been a variety of 
experimental approaches to the prevention of acute 
lung injury. 3-5 We have shown that pretreatment with 
lidocaine significantly attenuated endotoxin-induced 
acute lung injury in rabbits. 6 Iidc>cainc effectively treats 
endotoxin-induced lung injury by attenuating 0 2 ~ pro- 
duction by neutrophils, which is the final step of lung 
injury, without affecting the secretion of cytokines. In 
the current study, wc investigated whether lidocaine 
would be effective when administered shortly after the 
onset of a gram-negative septic insult (postinjury treat- 
ment) . We hypothesized that lidocaine administered 
soon after injury also may be effective in reducing en- 
dotoxin-induced lung injury by attenuation of neutro- 
phil activation. In our previous study, we demonstrated 
severe peripheral neutropenia and pulmonary hyper- 
— - ;« -»kkjw TT»rf-i«<i Ad miri after the start of in- 

luiliiivyii U* . . . . 

fusion of endotoxin* Thus, we chose 10 rain after ad- 
ministering endotoxin (over a 60-min period) as an 
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appropriate time both after septic insult and before 
deterioration of oxygenation to test the efficacy of li- 
docaine. 



Materials and Methods 

Animal Preparation and Protocol 

This study was conducted according to the guidelines 
of the animal care review board of Kobe r .Uiaiversity 
School of Medicine, Thirty-two' male Japanese white 
rabbits weighing 2.0-2.4 kg were^useSln^tliis study 
and randomly divided into four groups (n = 8 for each 
group) in a blinded manner as follows: rabbits in group 
S-S received saline alone without lidocaine posttreat- 
ment; group 5-L received saline with Udocainc post- 
treatment; group E-S received endotoxin from £. colt 
(055;B5 from the same lot, Dif co, Detroit, Afl), without 
lidocaine posttreatment; and group E-L received en- 
dotoxin followed by lidocaine (fig. 1). 

After the rabbits were sedated with 4 mg- kg^.ket- 
amine, tracheostomy was ^r^orrned asepticaiiyrand a 
3. 5 -mm noncuflfed endotracheal tube was inserted and 
tied in place. Anesthesia was maintained with contin- 
uous infusion of ketamine at a rate of 4 mg * kg^ 1 • h~*. 
The lungs of the rabbits were ventlfat^ 
ventilator (IVlOOB, Sechri^^aheim, CA) at an in- 
spired 0 2 concentration 40%; Tidal volume was set 
to 10 mi -kg -1 measured by^neumotachograph- Res- 
pirator rate was adjusted to produce an initial arterial 
C0 2 tension (Pac 0z ) of 35-42 mmHg; Pa^ was main- 
tained at less than 50 mmHg throughout the study pe- 
riod. 

Via femoral cutdown, a catheter was placed in the 
distal aorta to monitor arterial pressure and to take 
samples for blood gas analysis. Pulmonary arterial 
pressure was continuously monitored with a pulmonary 
artery catheter (3-French, Baxter, Chicago, IL) inserted 
through the right internal jugular vein. Central venous 
pressure was also monitored with a catheter inserted 
through the femoral vein. The animals were placed on 
a heating pad under a radiant heat lamp so that the 
body temperature could be kept at 37.7-40.3°C. Lac- 
tated Ringer's solution was intravenously administered 
at a rate of 8 mi • kg" 1 - IT 1 . 

Immediately after the baseline measurement of lung 
mechanics, hemodynamics, peripheral leukocyte and 
platelet counts, and arterial blood gas analysis, groups 
S-S and S-L received infusion of saline for 60 min. Rab- 
bits in groups B-L and E-S received endotoxin 100 



Time after Ihc starr of endotoxin or Saline 



6 (hr) 



I Ventilation with 40% Oxygen 



Group Saline 
Saltne (5-5) 



Group Saline 



D 



<5atine$ 



Udocflint 2 mgAg/hr 



, i 

| Lidocaine 3 mft/kg 



Group Endotoxin 
Saline (E-S) 



Lidocaine 



lOXtn + ] 



Udocainc 2 mgAcg 



f AP. PAP, and CVP Monitoring 



E- Endotoxin (E. coU B5\ 10Q|ig/kg| 



Fig. 1. Study protocol AP = arterial blood pressure; PAP = 
pulmonary arterial pressure; CVP = central venous pressure. 



Mg - kg" 1 over a 60-rnin period, with or without lido- 
caine treatment. Groups E-L and S-L received a bolus 
of lidocaine 2 mg'kg" 1 (Fujisawa, Osaka, Japan), 10 
min after the end of administration of endotoxin (E-L) 
or saline (S-L), followed by continuous infusion of li- 
docaine at a rate of 2 mg*kg -1 • h* 1 until the rabbits 
were killed. This infusion rate of lidocaine was also 
used in our previous study. 6 

All rabbits were killed 6 h after the start of endo- 
toxin treatment by injection of thiamylal. In groups 
S-L and B-L, arterial blood samples were obtained at 
0, 0.5, 1, 2, 3, and 4 h after the start of administration 
of lidocaine and at the time of killing zo measure 
plasma concentrations of the drug using fluorescence 
polarization immunoassay (TDX system, Abbott, 
North Chicago, IL). 

Estimation of Acute Lung Injury 

Measurement of Lung Mechanics. During each 
experimental period, we obtained arterial blood spec- 
imens for analyzing arterial O a tension (Pa^), Paco, , 
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and pH u$ing an automatic blood gas and electrolyte 
analyzer (ABL2, Radiometer, Copenhagen, Denmark) 
and for counting the number of peripheral leukocytes 
and platelets (counter, Coulter Electronics, Harkenden, 
United Kingdom) . Immediately after the start of me- 
chanical ventilation (before infusion of saline or en- 
dotoxin), at the end of administration of endotoxin, 
and immediately before the rabbits were killed (after 
the period of observation) , lung mechanics were mea- 
sured by the passive expiratory now- volume technique 
as described by LeSouef et alP The air flow was mea- 
sured with a Flcish 00 pneumotachograph and a dif- 
ferential pressure transducer (MP-45, Validyne Engi- 
neering, Northridge, OA). Airway pressure was mea- 
sured at the proximal end of the pneumo tachometer 
with a semiconductor pressure transducer (P-300 
50 1G, Copal Electronics, Tokyo, Japan). The volume 
was measured for each breath by digital integration of 
air flow using a respiration monitor (Aivision, Tokyo, 
Japan) and a personal computer (PC980 1 VMl 1 , NBC, 
Tokyo, Japan). The lungs were inflated and the air flow 
was interrupted at 20 cmH 2 0. The occlusion was rap- 
idly released after airway pressure reached a plateau. 
Compliance and resistance of the total respiratory sys- 
tem were then calculated by means of the personal 
computer. 

At the end of the experiment, after the thorax was 
opened, blood (15 ml) was drawn into a' heparinized 
syringe (20 U • ml"') from the pulmonary artery for che- 
milumincsccnce assay (see below). The rabbits were 
killed by administration of thiamylal after sampling of 
blood. The heart and lungs were then removed en bloc 
by observers blinded to the nature of experiment. 

Ratio of Lung Wet Weight to Dry Weight. The 
left upper lobe was weighed and then dried to constant 
weight at 60°C for 24 h in an oven. The ratio of wet 
weight to dry weight (W/D weight ratio) was calculated 
to assess tissue edema. 

Preparation of BroacJhoatveolar Lavage Fluid 
and Measurements. Through the right mainstem 
bronchus 40 ml saline with ethylenediamine texraacetic 
acid-2Na at 4°C was slowly infused and withdrawn. 
This procedure was repeated flve times. Indomethacin 
was added to the bronchoalveolar lavage fluid (BALF) 
to inhibit further metabolism of arachidonic acid to 
prostaglandins during analysis. The BALF was analyzed 
tor ceii count and ceil diuciciiuiiiiOii. A cyioccntrifugcd 
preparation (Cytospin 2, Shandon Southern Products, 
United Kingdom) of the BALF was stained with Wright- 
Giemsa for cell differentiation. The cells present in the 



fluid were counted with the Coulter counter and the 
Burker-Turk method. 8 

The fluid was ccntrifuged at 250g at 4 °C for 10 min 
to remove the cells. The cell-free supernatant was di- 
vided into several aliquots and stored at — 70° C until 
assayed. The following substances, metabolites, and 
mediators in the BALF were then measured. (1) The 
activated complement components C3a and C5a were 
quantified by radioimmunoassay (Amersham, Bucks, 
UK). (2) Albumin concentrations were measured by 
nepheiometry with immunoglobulin G fraction of goat 
antirabbit albumin (Cappel, PA). (3) Concentrations 
of tumor necrosis factor a (TNFa), intcrleukin (IL)- 
l£, IL-6, and JL-8 were measured by enzyme immu- 
noassay (Amersham, Bucks, United Kingdom), (4) 
Concentrations of thromboxane A 2 (TxA 2 ) and prosta- 
cyclin were quantified by radioimmunoassay (Amer- 
sham) as thromboxane B 2 (TxB 2 ) and 6-kcto-prosta- 
giandin Fj^> the stable metabolites of TxA 2 and pros- 
tacyclin, respectively. 

Chenxiluminescerice Assay. Reagents* Cypridina 
luciferin analogue (CIA) (2-methyl-6-phenyl-3 ) 7-di- 
hydroimidazo [l,2-a]-pyrazine-3-one), dimethyl sulf- 
oxide, Hank's balanced salt solution (HBSS), Histo- 
paque-1 1 19, Histopaque-1077, N-formyl-L-methionyl- 
L-luecyl-L-phcnylalanine (FMLP) , and zymosan A were 
obtained from Sigma Chemical (St. Louis, MO) 

The CIA was dissolved to 56 jig-ml -1 in distilled 
water. The solution was stored in 1-ml aliquots at 
-80°C The CIA concentrations were based on E410 
nro = 8900 m~* « cm" 1 . 9 FMLP 5 mg was dissolved in 
1 . 1 4 ml DSMO. The solution was stored at -SO °C until 
the time of the assay. Just before use, the stored solution 
was diluted with 50% dimethyl sulfoxide- 50% HBSS 
to 100 /tM. Zymosan A was opsonized by the method 
of Nishida et al. 10 with modification. Zymosan A was 
suspended in HB$S at a concentration of 2 mg* ml -1 
and heated in a boiling water bath for 100 min, washed 
twice with HBSS, and opsonized with pooled serum in 
a shaking water bath for 30 min at 37°C. The opsonized 
zymosan (OZ) was then washed twice, rcsuspended in 
HBSS to a concentration of 20 mg - ml" 1 , and stored at 
— 80°C until use. 

Isolation of Neutrophils, Histopaque- 1 1 1 9 , Histo- 
paque-1077, and whole blood were layered in a test 
tube and centrifuged at 700g for 30 min at room tem- 

tKp iawr rrmTaininD- orannlocvtes fat the in- 
r — w w 

terphase between Histopaque-1077 and Histopaque- 
1119) was transferred to another tube. The cells were 
washed in HBSS and centrifuged twice at 200g for 10 
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Fig, 2. Change* in arterial O a tension 
(PaoO and Alveolar - arterial difference 
in 0 3 tension (AaDoJ (mean =fc SEM) in 
the three groups. jE intravenous infu- 
sion of Escherichia cali endotoxin (100 
MgAg) saline, S-S = group receiving sa- 
line* S-E = group receiving saline and li- 
docaine; E-S = group receiving endotoxin 
and no lidocaine; E-L = group receiving 
endotoxin and lidocaine. \p< 0.05 versus 
group S-S; < 0.05, group E-L versus 
group E-S. 



Time after the start of endotoxin or saHne (hr) 



min. The resultant leukocytes were suspended to 1 X 
10 7 cells • ml- 1 in HBSS and were kept at 0°C for no 
longer than 3 h before use. The cell analysis showed 
that more than 96% of the cells were neutrophils, and 
the trypan blue dye exclusion test confirmed that more 
than 95% of the cells were viable. 

Measurement of Cbemilianinescence. Measurement 
of chemilujcrjunescence was made by the method of Su- 
gioka et al, 11 The incubation mixture contained 4 X 
1 0 5 white blood cells (WBC), 20 /d FMLP or 80 fil OZ, 
50 /zl 40 mm CIA, and HBSS to a total volume of 2 ml. 
Cells and HBSS were prcincubated for 3 min and the 
reaction initiated by the simultaneous addition of the 
other two components. CIA-dependent luminescence, 
which is thought to reflect primarily 0 2 ~ production, 
was monitored with a luminescence reader (Lurni- 
counter- 1000, Nichion, Chiba, Japan) , During lumi- 
nescence measurement, the incubation mixture was 
agitated at 37°C in the luminescence reader. Ketaminc 
used as an anesthetic in the current study has been 
shown to have no effect on 0 2 " production by neutro- 
phils at doses used in the clinical setting- 17 

Histopathologic Examination 

Shortly after the rabbits were killed (<5 min), the 
left lowfer lobe was fixed by instillation of 10% form- 
aldehyde solution through the left lower bronchus at 
20 craH 2 0. The specimens were embedded in paraffin 
wax, and stained with hematoxylin and eosin and ex* 
amincd under a light microscope. Lung injury was 
scored as 0 (minimal damage) to 4+ (maximal damage) 
according to combined assessments of alveolar conges- 
tion; hemorrhage and edema; infiltration or aggregation 

of neutronhils in oir 

alveolar wall, and hyaline membrane formation by two 
observers unaware of the group assignment of the an- 

ixnal. 



Statistical Analysts 

Data except lung injury score arc expressed as means 
± SEM; data on lung injury score are given as medians 
and range. The degree of attenuation of lung injury- by 
lidocaine was calculated from the following formula: 
percentage attenuation = 100 X (b - c)/(b - a), where 
a = value in S-S group; b = value in E-S. group; and c 
= value in E-L group. This value indicate* the degree 
of efficacy of lidocaine treatment in each subject: 0% 
indicates that the mean scores for groups E-S and E-L 
were equal (no attenuation of lung injury by lidocaine) , 
and 100% indicates that the mean scores for group E- 
L and S-S were equal (maximum attenuation) . Statistical 
analysis was performed by repeated-measures analysis 
of variance for continuous variables, except for lung 
injury score, for which the Kruskall-Wallis rank test 
was used. P < 0.05 was deemed significant. When anal- 
ysis of variance indicated a significant difference, Bon- 
ferroni's multiplc^comparison test was used to deter- 
mine which groups were significantly different from 
each other. 



Results 

Changes in Arterial 0 2 Tension, Hemodynamics, 
and Peripheral Leukocyte and Pldtelet Counts 
. J^o-^fa&biiS'^ In groups S-L and 

E-L, plasma lidocaine concentrations were maintained 
between 1.2-2.3 /xg-ml" 1 . As shown in figure 2 } 
Paco 2 in groups S-S and S-L remained at a level exceed- 
ing 150 mmHg, whereas Pao 3 in group E-S gradually 
decreased to 8? mmHg during the experiment. In 



to* ~ —j' — *- 



vwflov* kax cilia fj«mL4.u\_Lc:j, vy <±3 

attenuated maximally by 29% (P < 0.05). The values 
of Pacoj in four groups were similar (38 to 40 mmHg) 
and gradually increased co 50 ± 1.2 and 52 ± 1.3 in 
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Table 1. Changes in Hemodynamics aqd Peripheral leukocyte and Platelet Conors ia the Four Group* 

Time after the Stan of Endotoxin or Saline 
Oh 0.5 n 1h 2 h 3 n 4h 5 h ' 6h 



MPAP (mmHg) 



s-s 


19 ± 1 


20 ± 


1 


19 


±1 


17 


± 


1 


19 ± 


1 


17 




1 ■ 


20 


± 1 


18 ± 


1 


S-L 


18 ± 1 


20 ± 


1 


18 


± 1 


19 


± 


1 


18 ± 


1 


20 




1 


18 


± 1 


17± 


1 


E-S 


17 ± 1 


30 ± 


r 


32 


x r 


29 


± 


1" 


25 ± 


r 


24 


± 


1" 


22 


±2* 


22 ± 




E-L * 


19 * 1 


32 ± 


r 


• 33 


± r 


28 




r 


23 ± 




22 




r 


20 


± r 


19 ± 


r 


Leukocytes (x 10* cells/mm 3 ) 




































S-S 


40 ±4 


38 ± 


4 


39 


±5 


40 


± 


4 


43 ± 


3 


37 


± 


4 


35 


±3 


39 ± 


4 




38 ±4 


37 ± 


4 


36 


±6 


40 


± 


4 


43 ± 


3 


37 




4 


35 


±3 


39* 


4 


E-S 


41 ±4 


16 ± 


1* 


9 


± o.r 


5 




0.2" 


5 ± 


0,3* 


6 


± 


0.3- 


8 


±0.3* 


9 ± 


0.7* 


E-L 


42 ±4 


15 ± 


1* 


9 


±0,7* 


5 


± 


0.2' 


6 ± 


0.3* 


6 


± 


0.3* 


9 


±0.3- 


10 ± 


0.7* 


Platelets (X 10 4 cells/mm*) 




































S-S 


29 ±3 


32 ± 


3 


30 


±3 


33 


± 


3 


29 ± 


3 


27 


± 


3 


29 


±3 


26 ± 


3 


S-L 


31 ±3 


29 ± 


3 


28 


±3 


30 


± 


3 


29 ± 


3 


29 


± 


3 


28 


±3 


27 ± 


3 


E-S 


30 ±3 


29 ± 


3 


26 


±3 


22 


± 


3* 


17 ± 


3' 


15 


± 


3- 


16 


±3* 


14 ± 


3- 


E-L 


33 ±3 


31 ± 


3 


28 


± 3 


23 


± 


3* 


19 ± 


3* 


20 


3* 


3* 


t9 


±3- 


20 ± 


3* 



Value? are mean m SEM, 

MAP = mean anertai pressure; hR = heart rate; CVP central venous pressure; MPAP - mean pulmonary arterial pressure. 
* P < 0.05 versus group S-S, P > 0,05 for group E-L versus group E-S. 



groups E-L and E-S, respectively. The alveolar - arterial 
difference in 0 2 tension was increased in groups E-L 
and E-S as Pao z decreased. Lidocaine attenuated tbe in- 
crease in the alveolar — arterial difference in 0 2 tension 
maximally by 31% OP < 0,05)- The heart rate, arterial 
blood pressure, or central venous pressure did not differ 
among the four groups at any point (data not shown) - 
Infusion of endotoxin rapidly increased pulmonary ar- 
terial pressure, with a peak reached at the end of en- 
dotoxin infusion* Lidocaine posttreatment railed to at- 
tenuate the pulmonary hypertension (table 1), Periph- 
eral blood leukocyte counts decreased with infusion 
of endotoxin, reached their nadir 1-2 h after the end 
of endotoxin infusion, and remained low during the 
experiment. Lidocaine posttreatment also failed to at- 
tenuate the decrease in leukocyte. Peripheral blood 
- platelet counts decreased gradually in the endotoxin- 
created group (E-S and E-L). No effect of lidocaine on 
platelet counts was observed. 

Lung Mechanics 

Neither compliance nor resistance immediately after 
the start of mechanical ventilation and at the end of 

-a i -Off 

groups (table 2), Compliance 6 h after the start of 
treatment with endotoxin was greater in group E-L than 
in group E-S (ancnuation 29%; P < 0,05), In contrast, 



resistance in group E-L 6 h after endotoxin was similar 
to that in group E-S (attenuation 27%). 

Ratio of Lung Wet Weight to Dry Weight 
The lung W/D weight ratio was calculated as a pa- 
rameter of lung edema. The ratio increased in rabbits 
receiving endotoxin (E-S and E-L) compared with those 

"Table 2. Lung Mechanics before and after Endotoxin 
or Saline 



Time after the Start of Endotoxin or Saflne 





0b 


1 n 




6n 


Compliance (ml/cm H*0) 










Group S-S 


2.92 x 0.09 


2.88x0.10 


2.81 


±0,14 


Group S-L 


2.88 x 0.08 


2.93x0.11 


2.78 


2 0,13 


Group E-S 


2.94 ± 0.08 


2.62 ±0,11 


1.75 


± 0.12' 


Group E-L 


2.87 ± 0.08 


2.64 ± 0.09 


2.06 


±0.12"t^ 


Resistance 










(cmH«0 -L-*- 8-") 










Group S-S 


97x4 


101 yS 


102 


- 6 


Group S^- 


100 a 4 


98 ± S 


104 


±7 


Group E-S 


95 2:4 


106 ± 6 


125 


± 6* 


Group E-L 


101 ± 4 


105 ±5 


119 





values are mean x Sem. The percent attenuation of trie variables oy ikjocaine 

% attenuation - (group E-S - group £-L) * lOOflgroup B$ - group S-S}. 

* P < 0.05 versus group S-S. 

t P «: 0.05 for group E*L versus group E-S. 
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receiving saline (S-S and S-L) (table 3)- Lidocaine post- 
treacmem attenuated the incxease in W/p weight ratio 
(attenuation 43%\ P< 0.05). 

Analysis of BroncboaJveolar Lavage Fluid 
Recovery in HALF in the three groups was 83-8996, 
indicating no difference between the four groups. Table 
3 shows that the total number of leukocytes recovered 
in BtALF was significantly higher in groups E-S and E-L 
compared with that in group S-S. Leukocyte counts in 
BALF were not significantly different in groups E-L and 
E-S (attenuation 15%). Differential counts revealed that 
BALF leukocytes in group S-S were mostly macrophages. 
Polymorphonuclear cells accounted for 1% of the WBC 
in BALF obtained from group S-S. In contrast, the ratio 
of polymorphonuclear cells to total WBC increased to 
12% in group E-S and 8% in group E-L (P > 0-05). 

Albumin concentrations in the supernatant of BALF 
were higher in endotoxin-treated rabbits (E-S and E-L) 
than in the saline-treated rabbits (S-S and S-L). Lidocaine 
posttreatment significantly decreased the albumin con- 
centrations in endotoxin-treated rabbits (E-L) (atten- 
uation 37%). Table 3 indicates that the concentrations 
in BALF of C3a and C5a ( which are known to be che- 
motactic factors, were similar in groups E-L and E-$. 
The BaLP concentrations of cytokines significantly in- 
creased in endotoxin-treated rabbits (E-S and E-L). The 



TxB 2 concentration in BALF increased in group E-S 
compared with that in group S-S. Posttreatment with 
lidocaine failed to attenuate the increase. In contrast, 
there were no differences in BALF concentrations of 6- 
keto-prostaglandin F^ among the four groups. 

Cbem Hum inescence 

The ClA*dependent chemiluminescencc (represent- 
ing 0 ? " production) by neutrophils isolated from the 
pulmonary artery blood in group E-S was significantly 
higher compared with that in group S-S when stimu- 
lated by OZ or FMLP (table 4). Posttreatment with li- 
docaine attenuated the increase in chcmiluminescence 
(attenuation 75% for OZ and 64% for FMLP). 

Histopathologic Findings 

The results of the grading of lung damage axe sum- 
marized in table 5. The score for E-L group was statis- 
tically less than that for group E-S. Light-microscopic 
findings in group E-$ included hemorrhage and edema, 
thickened alveolar septa, and the presence of inflam- 
matory cells in alveolar spaces; these changes were 
slightly less pronounced in group E-L, 

Discussion 

In the current study, we have shown that early post- 
treatment with lidocaine slightly attenuated deterio 



Tabic 3- Wet/Dry Weight Ratio »ad Analysis of Bronchoalveolar Lavage Fluid (BALF) 



Group 



Van awe 


S-S 


S-L 


E-S 


E-L 


Attenuation 


Total white blood cells (cells/mm 3 ) 


196 ±22 


215 ±24 


513 ± 38* 


455 ±31" 


18 


% PMN 


1 ±0.1 


1 ±0.1 


12 ± 3* 


8±2- 


36 


Wet/dry weight ratio 


4.8 ± 0.1 


4.9 ± 0.1 


5.5 ±0.1* 


5.2±0.1f 


43 


Concentrations in BALF 












Albumin (mg/dl) 


1.3 ±0.3 


1.2 ±0.2 


9,2 ± 1.0* 


6.3 ± 0 J**t 


37 


C3a (ng/cf!) 


25 ±4 


23 ± 4 


62 ±9* 


43 ± 6- 


33 


C5a (ng/dl) 


6 ± 1 


5 ± 1 


19 ±4* 


17 ±5- 


15 


TNFor (fmol/ml) 


1 ±1 


1 ± 1 


21 ± 5* 


18 ±3* 


15 


1L-10 (fmol/ml) 


1 ±1 


1 * 1 


19 ±3* 


15 ±3* 


22 


IL-6 (fmol/mf) 


3± t 


3 ± 1 


76 ± 10* 


57 ± 6* 


26 


IL-8 (fmol/ml) 


3 ± 1 


2±1 


48 ± 7- 


31 ±6* 


38 


T x B 2 (pg/ml) 


115 ±26 


107 ±25 


214 ± 34* 


196 ± 31* 


18 


6-keto-PGF lo (pg/ml) 


202 ± 38 


228 + 50 


221 ± 42 


205 ± 41 





values are mean 3 $£M, 

— : because 6-keto-PQF,_ thouaht tobaa beneftebil mediator for attenuation of lung injury, oercent attenuation is not calculated. 

PMN ~ Dotymorpnonuciear cell: IL = intwteukin: T X B* thromboxane Bj; PGF t „ = prostaglandin % attenuation - (group E-S - group E-L) X 100/(group E- 
S - group S-S), 

• P < 0.05 versus group S-S. 

t P < 0.05 for group E-L versus group £-$. 
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Table 4. CyprUUna Lurifcrin Analogue-dependent 
ChctniJumiijescence (Peak) by Neutrophils Isolated from the 
Pulmonary Artery Blood 



Qroup 


Opsonized Zymosan 
-stimulated (X 10 s cpm) 


FMLP-stfmulated 
(X 10° cpm) 


e>S 


2.1 ± 0.2 


2.5 * 0.2 


S-L 


i.3±o.r 


1,7 ± o.r 


E-S 


4.1 ± 0.4* 


6.7 * 0.5- 


E-L 


2.6 ± 0.3f (75) 


4.0 ± 0.4* t <&4) 



values are mean ± SEM. The percent attenuation of the chemHuminesceOce 
by fidocaine shown in parentheses was calculated according to the following 
iormula: % attenuation ~ (group E-S - group E-L) X 100/(group E-S — group 

S-S). 

" P < 0.05 versus group S-S. 

t P < 0 05 for group E-L versus group E-S. 

ration of oxygenation in eridotoxin-treated rabbits 
(E-S and E-L) . Lidocainc posttreatment also attenuated 
endotoxiu-induced pulmonary edema as assessed by W/ 
D weight ratio. The drug was effective morphologically 
(assessed by lung injury score) and functionally (as- 
sessed by compliance) for the acute lung injury. In 
contrast, lidocaine posttreatment did not decrease the 
release of chemotaxins (C3a, C5a, TOHF<*, IL-l£, and 
IL-8 in HALF) in rabbits receiving endotoxin (E-L). 
There were no differences between the groups E-L and 
E-S in the percentage of alveolar neutrophils recovered 
in BALF and leukocyte counts in peripheral blood. 
These observations suggest that lidocaine posttreatment 
could not inhibit the release of the chemotaxins, re- 
sulting in failure to reduce accumulation of leukocytes 
in the lung. 

The pulmonary arterial pressure increased in rabbits 
receiving endotoxin (E-S and E-L) T peaking at the end 
of endotoxin treatment. The pulmonary hypertension 
continued until 3 h after the end of endotoxin treat- 
ment. Lidocaine had no effect on this increased pul- 
monary arterial pressure. No difference in TxB 2 con- 
centrations in BALF was observed in endo toxin-treated 
groups with or without lidocaine (E-S or E-L) . This fail- 
ure of lidocaine to decrease TxB 2 concentrations may 
be responsible for failure of lidocainc to decrease of 
pulmonary artery pressure. Lidocaine posttreatment 
lessened the endotoxin-induced increase in BALF con- 



# DwcngcrA, Regel G, Ellendorff B. Schweitzer G, Funck M, Un,v 
DroCK H, Sturm J A, *j scheme n. Aivcoiar ceii pattern ami uicuii lu- 
minescence response of blood neutrophils and alveolar macrophages 
in sheep after endotoxin infection. J Clin Chem Clin Biochem 28; 

163-168. 1990. 



ccntrations of albumin, which is an index of endothelial 
hyperpcrmeabiliry leading to pulmonary edema. The 
beneficial effect of lidocaine on pulmonary edema, 
which is assessed by W/D weight ratio and pathologic 
changes , may be due to attenuation of vascular hyper- 
permeability. Successful use of lidocaine to reduce lung 
cxtravascular protein accumulation , as an index of en- 
dothelial hyperpermeability, in thiourea- induced lung 
injury has been reported. 13 

We began the lidocainc treatment 1 0 min after the 
end of endotoxin infusion. We chose this timing be- 
cause significant pathophysiologic events (pulmonary 
hypertension and profound leukopenia) have already 
occurred at this time. 6 It is well known that pulmonary 
hypertension and neutropenia are initial events in en- 
dotoxin-induced lung injury. 14 " 16 

We have hypothesized that posttreatment with lido- 
caine attenuates lung injury by the suppression of ac- 
tivation of neutrophils, as does pretreatment. Thus we 
evaluated the effect of lidocaine on acute lung injury 
until approximately 5 h after starting treatment with 
lidocaine, focusing our attention on the period of ac- 
tivating neutrophils and macrophages. As in the control 
group of the current study, endotoxin causes increases 
in production and release of cytokines, 0 2 ~, throm- 
boxanes, and complement components, resulting in 
accumulation of neutrophils in lung, deterioration of 
oxygenation , and increase in extravascuiar lung water 
within 6 h. Lung vascular permeability to proteins in- 
creased between 2 and 6 h after endotoxin injec- 
tion. 17 * 18 Chemiluminescence response reveals that 
neutrophils in blood are acdvated early after endotoxin, 
followed by metabolic exhaustion with a minimal che- 
miluminescence response after 2 h. The response is 
augmented thereafter by new granulocytes liberated 
from the bone marrow.# Accumulation of neutrophils 
in affected tissue probably became peaked by 6 h after 
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endotoxin administration, because the WBC counts in 
peripheral blood have started increasing. 

We previously reported that lidocainc administered 
before endotoxin reduced endotoxirwnduced lung in- 
jury Lidocaine pretreatment attenuates the deterio 
ration of pulmonary hypertension, peripheral leuko- 
penia, oxygenation, lung compliance, W/D ratio, and 
WBC counts, percentage of polymorphonuclear cells 
in total WBC, albumin in BAIP, and 0 7 ~ production by 
neutrophils with stimulation. However, lidocaine 
posttreatment was effective only in oxygenation, lung 
edema (assessed by albumin concentration in HALF, W/ 
D ratio, and morphologic examination) , and lung com- 
pliance. Lidocaine attenuated chemilummescence of 
neutrophils to the same degree regardless of the timing 
of administration (attenuation 65% and S3% [pretreat- 
ment] and 64% and 75% [posttreatment], FMLP- and OZ- 
stimulatcd chemiluminescence, respectively). This at- 
tenuation of 0 3 ~ production, which is known to be a 
major factor involved in lung injury as a final step, i$ a 
putative mechanism for reducing lung edema by li- 
docaine in this study. 

Lidocaine after endotoxin failed to suppress chemical 
mediators despite improved pulmonary hyperperme- 
ability. Some mediators that concern lung injury in- 
duced by endotoxin were not measured in the current 
study (e.,g., protease derived from neutrophils, phos* 
pholipase Aa , platelet-activating factor [PAF], and en- 
dothelin). Protease from activated neutrophils and 
macrophages directly attacks lung matrix, causing de- 
struction of lung structure- Lidocaine stabilizes the cell 
membrane to decrease the release of proteases from 
neutrophils or macrophages. 19 Phospholipase A 2 acti- 
vated by endotoxin causes degradation of phospholipid 
to arachidonic acids, as substrates of eicosanoids. TxA* , 
produced by endothelium, platelets, and pulmonary 
macrophages, causes early phase pulmonary hyperten- 
sion lasting about 90 min after starting endotoxin in- 
fusion, 20 ^ 1 It was not affected by lidocaine posttreat- 
ment probably due to its prompt release. As the results 
of this study showed that the concentration of TxA? and 
6-keto-prostaglandin concentration in HALF were 
similar in groups £ and E-L, lidocaine posttreatment 
would not prevent activation of phospholipase A* . PAJF 
directly and indirectly increases pulmonary vascular 
resistance and permeability. In the rat model, within 
20 min of intraperitoneal injection of endotoxin, blood 
and lung PAF concentrations increased for more than 
120 min. 23 TNFor stimulates peritoneal macrophages, 
polymorphonuclear neutrophils, and vascular endo- 



thelial cells to synthesize and release PAF 1-4 h after 
TNFa administration in vivo. 23 The PAF and proteases 
remain as yet to be determined to clarify the mecha- 
nisms through which lidocaine posttreatment atten- 
uated endotoxin-induced lung injury. 

Cytokines, such as IL*1, TNF-a, and IL-6, might have 
been induced and released at the early phase of post 
endotoxin administration, namely before starting li- 
docaine treatment. These cytokines injure lung not di- 
rectly but through activating many cell types, including 
neutrophils and macrophages. Lidocaine might be ef- 
fective in the control of the next phase related to cy- 
tokines, because even pretreatment with lidocaine 
possessed partial effect on attenuation of cytokine se- 
cretion. Fletcher and Ramwcll reported that posttreat- 
ment with the drug only for 3 h successfully decreased 
mortality (as assessed 72 h after endotoxin) due to en- 
dotoxin shock in baboons and dogs. 2 ^ Our observations 
were inconsistent with their study. Lidocaine sup- 
pressed 0 2 ~ production from neutrophils but did not 
cut off the cytokine cascade that may be responsible 
for the late phase of lung injury. 

In conclusion, lidocaine administered after endotoxin 
slightly attenuated deterioration of oxygenation prob- 
ably due to reduction of edema. A comparison of these 
findings with our previous findings 6 suggests that post- 
treatment with lidocaine may have only limited clinical 
application in patients with adult respiratory distress 
syndrome. 
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